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Abstract: This paper presents the design of a reconfigurable planar antenna design using 
graphene based switch, where its working frequencies can be adjusted by applying different 
voltages to connect or disconnect four patch sections to a midsection of the planar antenna. The 
switching comes from the varying chemical potential in the range from O to 0.8eV of graphene 


biased by external voltage. The promising results provide an alternative using graphene in 
frequency reconfigurable antennas. 
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e About Graphene 


Graphene is the single atomic layer of graphite, a 2-D sheet of sp2 bonded carbon 
atoms arranged in a honeycomb hexagonal structure. 


Drain CurrentCurrent (uA) 





Gate Voltage (V) 


k 2 ~¥-4 
[1] Neto AH C, Guinea F Peres N MR, et al. The electronic properties —_[ 2] Vaziri S. Fabrication and Characterization of Graphene 
of graphene[J]. Reviews of modern physics, 2009, 81(1): 109. Field Effect Transistors[J]. 2011. 


Its unique band structure makes it a ambipolar material which its conductivity changes 
when its hole/electron concentration changed by applied electric field. 
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Be e Modelling of planar antenna 
2 Structure of planar Antenna 


The 90 x 90mm“2 ground plate covers the 
entire substrate. 


Four individual graphene based switches are 
used to connect the small sections to the 
midsection. Capacitors are used to connect the 
switches to prevent the dc current from 
crossing into the main section while passing 
the RF current. 


Quarter-wavelength transmission lines with 
radial stubs are used to bias the graphene 
based switches. 
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e Modelling of planar antenna 
Graphene based switch 
=E Graphene 
C=} SiO2 
— W 
= Gold 





Graphene is placed on 200nm thick doped silicon substrates which silicon and 
silicon dioxide served as back gate electrode and dielectric. The top gate 
dielectric is 20nm thick silicon dioxide. 


External voltage is applied between the two gates to tune the conductivity of 
graphene. 
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¢ Modelling of graphene sheet 
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where w is the radian frequency, is the scattering time , e is the charge of an electron, is 
Boltzmann’s constant, T is temperature, h = h/2m is the reduced Planck’s constant, and is 
the chemical potential. Here T is set to 300K, and = 0.1ps. The complex surface impedance 
could be easily derived from its conductivity as z,=1/c . The chemical potential of graphene 
sheet is determined by the carrier density [4]. 
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where m/s and Vf is the Fermi distribution function. By applying 
external voltage , the surface charge density is controlled by the 


chemical potential (eV) 
O 
P 


displacement current on a charged surface as: 0.2 
0.0 
— EPI EV. 0 10 20 30 40 50 
s Voltage(V) 


where epsilon PI and epsilonO are the relative permittivity of polyimide and the 
permittivity of vacuum respectively. 
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Return Loss $11(dB) 


“O” represents the OFF state of a 
switch, i.e no voltage applied and 


“1” represents the ON. i.e voltage 
has been applied to bias 
graphene to 0.8eV chemical 
potential. 
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The antenna achieves multi frequency resonance tuning for different switch 
configurations. 


Especially at frequencies lower than 2.5 GHz frequency shifts are quite active, 
where a lot of wireless communications applications can be practical. 
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e Results and discussion 


Radiation patten 


Farfield Gain Abs (Phi=90) 
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while the working frequency shifts, the antenna with different 
configurations still have the similar radiation pattern 
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e Results and discussion 


One switch tuning 


Return Loss $11(dB) 
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This shows the tuning ability of one graphene switch. It is shown that by 
changing the biased voltage to individual graphene switches, small 
continuous adjustments in working frequency can be achieved. 
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e Conclusions 


e The proposed reconfigurable planar antenna design using graphene based switch 
shows tunability when the conductivity is changed by applied voltage 


e The main lobe gains are around 10dB for different configurations. This result shows 
the difference using pin diodes and graphene switches. 


eBy changing the biased voltage to individual graphene switches, small continuous 
adjustments in working frequency can be achieved. 
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Many Thanks for your attention! 
Any quesitions? 
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